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Abstract:    Objective: To investigate the effect of berbamine on human hepatoma cell line SMMC7721. Methods: The effects of 
24 h and 48 h incubation with different concentrations (0~64 µg/ml) of the berbamine on SMMC7721 cells were evaluated using 
3-4,5-dimethylthiazol-2-yl-2,5-diphenyltetrazolium bromide (MTT) assay. Hoechst 33258 staining was conducted to distinguish 
the apoptotic cell, and the appearance of sub-G1 stage was determined by PI (propidium iodide) staining, the percentage of 
apoptotic cell was determined by flow cytometry following annexin V/PI staining. Flow cytometry was performed to analyze the 
cell cycle distribution and the mitochondrial membrane potential (∆ψm); the expression of activated caspase3 and caspase9 was 
analyzed by Western-blot. Results: The proliferation of SMMC7721 was decreased after treatment with berbamine in a dose- and 
time-dependent manner. Berbamine could induce apoptosis in SMMC7721 cells and could cause cell cycle arrest in G0/G1 phase, 
to induce loss of mitochondrial membrane potential (∆ψm) and activate caspase3 and caspase9. Berbamine-induced apoptosis 
could be blocked by the broad caspase inhibitor z-VAD-fmk. Conclusion: Berbamine exerts antiproliferative effects on human 
hepatocellular carcinoma SMMC7721 cells. The anticancer activity of berbamine could be attributed partly to its inhibition of cell 
proliferation and induction of apoptosis in cancer cells through loss in mitochondrial transmembrane potential and caspase acti-
vation. 
 
Key words:  Berbamine, Apoptosis, Mitochondrial membrane potential, Caspase, Hepatoma 
doi:10.1631/jzus.2007.B0248                     Document code:  A                    CLC number:  R96 
 

 
INTRODUCTION 
 

Hepatocellular carcinoma (HCC) is the fifth 
most frequently occurring cancer worldwide and the 
third most common cause of cancer-related death 
(Parkin et al., 2001). HCC affects more than 500 000 
people globally with 110 000 deaths annually. More 
than one-half of them are Chinese (Hall and Wild, 
2003). The prognosis for patients with hepatoma is 
poor because there is no effective treatment of me-

tastatic disease. Effective chemotherapeutic agents 
for this disease have not been developed.  

Natural products including plants, microorgan-
isms and marines provide rich resources for antican-
cer drug discovery. There are many anticancer plants 
or herbal formulations, which provide evidence for 
the identification of new anticancer compounds and 
receive increasing scientific attention recently. 

Berbamine (bisbenzylisoquinoline) is a natural 
compound from the plant Berberis amurensis used in 
Chinese traditional medicine. The formula of ber-
bamine is presented in Fig.1, and its molecular weight 
is 753.80. Both animal and clinical studies showed 
that berbamine could stimulate normal hematopoiesis 
of cancer patients undergoing chemotherapy or ra-
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diotherapy and has been used to protect tumor pa-
tients from cytotoxic effects of chemotherapeutic 
agents on bone marrow (Yang et al., 1982; Liu and 
Zhou, 1996; Ge et al., 1998). Some studies showed 
that berbamine has anti-inflammatory, anti-arrhythmic 
effects and antineoplastic activity (Zhu and Sui, 1986; 
Xu et al., 2004; Küpeli et al., 2002). In previous 
studies, we found that berbamine could induce apop-
tosis of Bcr/Abl-positive K562 leukemia cells by sup-
pressing the expression of Bcr/Abl fusion gene and 
activation of caspase3, and that berbamine could also 
reverse multidrug resistance by reducing 
P-glycoprotein expression (Wu et al., 2005; Xu et al., 
2006; Dong et al., 2004; Sun et al., 2006). However, 
its effect on other kinds of cancer and the mechanism 
are poorly understood. In this study, we evaluated the 
anti-tumor effect of berbamine on human hepatoma 
cell line SMMC7721 in vitro. 
 
 
 
 
 
 
 
 
 
 
 
MATERIALS AND METHODS 
 
Chemicals and reagents 

Fetal calf serum (FCS), RPMI 1640 and antibi-
otic-antimycotic (100×) were purchased from Gibo-
cal BRL (Gaithersburg, MD, USA). A stock solution 
of berbamine (1 mg/ml) in saline was prepared, from 
which a series of working dilutions were made. Ber-
bamine, dimethyl sulfoxide (DMSO), 3-4,5-dimethyl- 
thiazol-2-yl-2,5-diphenyltetrazolium bromide (MTT), 
tryspin-EDTA, Hoechst 33258, Rhodamine123, PI 
(propidium iodide) and ribonuclease (RNase) were 
purchased from Sigma Chemical Co. (St Louis, USA). 
Annexin V-FLUOS staining kit was purchased from 
Immunotec (Marseille, France). PE-caspase3, mouse 
IgG-PE, cytoperm/cytofix kit were purchased from 
BD PharMingen (San Diego, CA, USA). Caspase 
inhibitor (z-VAD-fmk) was purchased from Biovi-
sion (Mountain View, CA, USA). Caspase3 and 

caspase9 antibody were purchased from Cell Signal-
ing (Beverly, MA, USA). 

 
Cell lines and culture 

Hepatoma cell line SMMC7721 was obtained 
from Cancer Institute of Zhejiang University and 
cultured in RPMI 1640 medium supplemented with 
10% FCS and antibiotics in a humidified atmosphere 
of 5% CO2 at 37 °C. 

 
Cell growth inhibition assay   

Cells (5000 well−1) were plated in 96-well plates 
in 200 µl of the complete RPMI 1640 medium. After 
cells were permitted to adhere for 24 h, then freshed 
medium containing different dose of berbamine from 
0~64 µg/ml. After 24 h or 48 h, IC50 value was cal-
culated by the MTT method. Cells were incubated at 
37 °C in 50 µl of MTT (5 mg/ml) for 4 h. After the 
medium and MTT were removed, 200 µl of DMSO 
were added to each well, and then placed on a plate 
shaker for 5 min at room temperature. Absorbance at 
570 nm of the mixture was measured using a mi-
croplate ELISA reader. Cell survival rate was calcu-
lated as the percentage of MTT inhibition as follows: 
percentage of survival=(mean experimental absorb-
ance/mean control absorbance)×100%. 

 
Staining of apoptotic cells with Hoechst 33258 

After drug treatment, cells were washed with 0.1 
mol/L PBS (pH 7.2) and resuspended in the same 
buffer. One hundred microlitres of cell suspension 
(1×106 ml−1) was incubated with 1 µl of Hoechst 
33258 (1 mg/ml in ddH2O) for 10 min. Apoptotic 
cells were evaluated by fluorescence microscopy. 

 
Flow cytometric analysis of cell cycle status and 
apoptosis 

The flow cytometric evaluation of the cell cycle 
status and apoptosis was performed according to a 
method described previously (Dong et al., 2004). In 
brief, 2×106 cells were treated with berbamine (0~50 
µg/ml), and then washed twice with PBS. The cells 
were fixed overnight with cold 70% ethanol, follow-
ing staining with PI solution containing 50 µg/ml PI 
and 10 µg/ml RNase. After incubation at room tem-
perature for 60 min, cells were analyzed by flow cy-
tometry (FACSCalibur; Becton Dickinson, USA) 
using Cell Quest software. The percentage of cells in 

Fig.1  The structural formula of berbamine 
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the apoptotic sub-G1 and G1, S-phase, and G2-M 
phase were calculated using Modfit software. 

 
Annexin V/propidium iodide (PI) staining assay  

Apoptosis was assessed by measuring mem-
brane redistribution of phosphatidilserine using an 
annexin V-FITC apoptosis detection kit (Koopman et 
al., 1994). According to the manufacturer’s protocol, 
after drug treatments, cells were collected and washed 
twice with PBS, followed by being resuspended in 
500 µl of staining solution containing FITC-conju-
gated annexin V antibody (5 µl) and propidium iodide 
(PI, 5 µl of 250 µg/ml stock solution). After 
incubation on ice for 30 min, cells were analyzed by 
flow cytometry. Basal apoptosis and necrosis were 
identically determined on untreated cells. The per-
centage of cells undergoing apoptosis was determined 
by three independent experiments. 

 
Flow cytometry assay for mitochondrial mem-
brane potential (∆ψm) 

After drug treatment, cells were collected and 
washed twice with PBS, then incubated in the pres-
ence of Rhodamine123 (final concentration of 2.5 
µg/ml) for 10 min in the dark. Cells were washed with 
0.1 mol/L PBS and resuspended in the same buffer. 
The mitochondrial membrane potential (∆ψm) was 
analyzed by flow cytometry. 

 
Flow cytometry assay for activated caspase3 

After drug treatment, cells were collected and 
treated by cytoperm/cytofix kit according to the 
manufacturer’s protocol, and then labelled with cas-
pase3 McAb-PE. Mouse IgG-PE was used as isotype 
control. The cells were analyzed by flow cytometer. 

 
Western-blot 

Cell lysates were prepared and quantified ac-
cording to established methods. To each well of a 
10% SDS-polyacrylamide gel, 30 µg total protein was 
applied, electrophoresed, and transferred to PVDF 
membrane. Membranes were blocked using Tris- 
buffered saline with 5% nonfat milk. Blots were then 
probed with the primary antibody mouse anti-caspase3 
or caspase9, in blocking buffer, and subsequently by a 
secondary anti-mouse IgG antibody. Detection was 
done using chemiluminescence kit (Pierce, Rockford, 
USA). The expression of actin was used as a control. 

Statistical analysis  
Data obtained represented mean values of at 

least three different experiments and were expressed 
as the mean±SD. Statistical analysis was determined 
by Student’s t-test. P<0.05 was considered statisti-
cally significant. 

 
 

RESULTS 
 
Berbamine inhibits the growth of SMMC7721 

To determine whether berbamine has growth- 
inhibitory effects on hepatoma SMMC7721 cells, 
cells were exposed to different concentrations of 
berbamine (0~64 µg/ml) for 24 h and 48 h. The cell 
growth was evaluated by MTT assay. As presented in 
Fig.2, berbamine treatment resulted in inhibition of 
the growth of SMMC7721. Results demonstrated that 
the SMMC7721 cell viability was inhibited by ber-
bamine at 24 h in a dose-dependent manner, the IC50 
value was (22.8±1.3) µg/ml. Similarly, a dose-de-
pendent inhibition of SMMC7721 cell growth 
mediated by berbamine was observed at 48 h with an 
IC50 value of (10.9±0.5) µg/ml (Fig.2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Berbamine induces apoptosis of SMMC7721   
To define whether berbamine-mediated growth- 

inhibitory activity is associated with apoptosis, we 
used Hoechst 33258 to investigate the changes in the 
cells’ nuclei. Normal cells showed homogeneous 
staining of their nuclei. In contrast, when cells were 
treated with berbamine (25 µg/ml for 24 h), apoptotic 

Fig.2  Effects of berbamine on the growth of 
SMMC7721 cells for 24 h or 48 h. The activity was 
compared to the control well of the same cells and the 
results were presented as mean±SD for triplicate 
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cells showed irregular staining of their nuclei as a 
result of chromatin condensation and nuclear frag-
mentation; some cells exhibited typical apoptotic bleb 
phenomenon (Fig.3). 

Simultaneous staining with annexin V-FLOUS 
and PI distinguished between intact cells, early 
apoptosis, late apoptosis and cell death. Assessment 
of SMMC7721 cells exposed to 25 µg/ml berbamine 
for different lengths of time (0, 12, 24 and 48 h) 
showed that 2%, 13%, 52%, 68% cells respectively 
were undergoing apoptosis. This indicated that ber-
bamine can induce apoptosis in SMMC7721 cells in a 
time-dependent manner (Fig.4).  

 
Berbamine induces cell cycle arrest in G0/G1 phase 

To assess the effect of berbamine on cell cycle 
progression, SMMC7721 cells were harvested after 0, 
12, 24 and 48 h exposure to 25 µg/ml berbamine and 
stained with PI for flow cytometry analysis and the 
results were shown in Fig.5. The sub-G1 population 
indicated apoptotic-associated chromatin degradation. 
As the treatment time increased, the percentage of 
cells in sub-G1 significantly increased from 0.62% 
(control), 1.31% (12 h), and 50.32% (24 h) to 65.12% 
(48 h). In the non-apoptotic population, there was no 
apparently significant change in the cell cycle distri-
bution after 12 h exposure to berbamine. But after 24 
h and 48 h exposure to berbamine, cells in G0/G1 
phase increased from 61.52% (control) to 66.0% (24 h) 
and 75.09% (48 h), and the G2/M phase decreased 
from 14.17% (control) to 8.64% (24 h) and 2.37% (48 
h) (Fig.5).  
 
Mitochondrial membrane depolarizes in ber-
bamine-treated cells 

To determine involvement of mitochondrial 
mediated pathway in berbamine-induced apoptotic 
cell death, we measured changes in ∆ψm. Berbamine 
treatment to SMMC7721 cells resulted in a rapid 
dissipation of ∆ψm in a time-dependent manner 
(Fig.6). Flow cytometric results revealed high level of 
Rhodamine123 binding (92.5%) to the mitochondrial 
of untreated SMMC7721 cells. There is a decrease in 
the fluorescence (90.61%) after 12 h exposure to 
berbamine. However, a significant decrease in the 
fluorescence was observed starting from 24 h 
(34.29%) and 48 h (20.15%) after berbamine treat-
ment. 

Berbamine induces activation of caspase3 and 
caspase9 

To determine whether caspase3 plays a role in 
berbamine mediated apoptosis of SMMC7721 cells, 
we assessed the activated caspase3 protein level of the 
SMMC7721 cells before and after treatment with 
berbamine using flow cytometry (FCM). As shown in 
Fig.7a. After SMMC7721 cells were exposed to 
berbamine for different time (0, 12, 24, 48 h), the 
percentage of activated caspase3 increased from 1%, 
3%, 14% to 28%. Western-blot result showed that 
pro-caspase3 decreased (Fig.7b). We also assessed 
the caspase9 level. As shown in Fig.7c, the cleaved 
caspase9 increased in a time-dependent manner. To 
further define the role of caspase in ber-
bamine-induced apoptosis, cells were pretreated with 
broad-spectrum caspase inhibitor, z-VAD-fmk. Cells 
were treated with 100 µmol/L of z-VAD-fmk 2 h 
before berbamine treatment. Apoptosis was detected 
24 h after treatment. As shown in Fig.7d, z-VAD-fmk 
attenuated berbamine-induced apoptosis did not in-
hibit berbamine-induced apoptosis completely. These 
findings suggest that the mechanism of SMMC7721 
cell apoptosis induced by berbamine is involved in 
activation of caspase. 
 
 
DISCUSSION 
 

Berbamine is a natural small molecular com-
pound from plant Berberis amurensis, it has been 
used widely, because of its immune protection func-
tion and activities, such as stimulating normal hema-
topoiesis, being anti-inflammatory, anti-arrhythmic, 
etc. Although some studies showed berbamine had 
anti-leukemia activity (Wu et al., 2005; Xu et al., 
2006), it was still not applied in clinic cancer treat-
ment, as its effect on other kinds of cancer and the 
mechanism are poorly understood.  

The present study found that berbamine had an-
tiproliferative effect on human hepatocellular carci-
noma SMMC7721 cells in dose-dependent manner. 
Berbamine can induce apoptosis, loss in mitochon-
drial transmembrane potential (MTP) and active cas-
pase3 in SMMC7721 cells.  

Apoptosis is a genetic program that allows con-
trol of cellular homeostasis. Disruption of apoptosis 
can contribute to a number of diseases, including  
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(a) (b) 

Fig.3  Fluorescence photomicrographs of cells stained
with Hoechst 33258 (400×). (a) Untreated SMMC7721
cells showing diffusely stained intact nuclei; (b) After
SMMC7721 cells treated with berbamine 25 µg/ml for
24 h, apoptotic cells showed the condensed chromatin
 

Fig.4  (a) Fluorescence-activated sorting analysis of 
annexin-V-FITC/PI for quantification of ber-
bamine-induced apoptosis in SMMC7721 cells. 1: 
untreated, 2: treated for 8 h, 3: treated for 16 h, 4: 
treated for 24 h; (b) Time-dependent alteration of 
apoptosis induced by berbamine 25 µg/ml. Each value 
is the mean±SD of three determinations. *P<0.001 vs
control 
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Fig.5  Alteration of cell cycle distribution induced by 
berbamine (25 µg/ml) for different time. Cells were 
fixed and stained with PI. The percentage of 
non-apoptotic cells within each cell cycle was deter-
mined by FCM. Compared to the control, berbamine 
could induce apoptosis (increasing sub-G1 population). 
(a) Untreated SMMC7721 cells; (b) SMMC7721 cells 
treated for 12 h; (c) SMMC7721 cells treated for 24 h;
(d) SMMC7721 cells treated for 48 h 
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cancer (Thompson, 1995; Schmitt and Lowe, 1999). 
Activation of apoptotic pathway is a key mechanism 
by which cytotoxic drugs kill cancer cells. Black tea, 
tanshinone IIA and other natural products inhibit 
tumor growth (Bhattacharyya et al., 2005: Wang et al., 
2005; Hsu et al., 2005). Nucleus condensation and 
apoptotic bodies appearance are universal character-
istics of cells undergoing apoptosis. Furthermore, 
apoptotic cells showed a decreased DNA content 
below the G0/G1 level of that defined as ‘sub-G1’ peak. 
Annexin V-FITC/PI labelling analysis showed the 
externalization of phosphatidylserine (PS). Our re-
sults indicated that berbamine could induce apoptosis 
in time-dependent manner. It suggests that the growth 
inhibition of berbamine for SMMC7721 cells is 
caused by apoptosis. 

Disturbance of the cancer cell cycle is one of 
therapeutic targets for development of new anticancer 
drugs (Carnero, 2002), accumulated evidence has 
shown that cell cycle arrest might result in apoptosis 
due to the existence of cell cycle checkpoint and 
feedback control (Pietenpol and Stewart, 2002). But 
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Fig.7  (a) Berbamine induced apoptosis through activat-
ing caspase3. The activation of caspase3 in SMMC7721
cells was assessed by flow cytometry; (b) Western-blot
showed pro-caspase3 protein level change. Cells were
treated with berbamine (25 µg/ml) for indicated times; (c)
Berbamine induced apoptosis through activating cas-
pase9. The activation of caspase9 in SMMC7721 cells was
assessed by Western-blot. Cells were treated with ber-
bamine (25 µg/ml) for indicated times; (d) Effects of cas-
pase inhibitor, z-VAD-fmk, on berbamine-induced
apoptosis detected by annexin V-staining. Apoptotic cells
were determined 24 h after treatment with berbamine (25
µg/ml) in the presence (+) or absence (−) of z-VAD-fmk.
Each value is the mean±SD of three determinations 
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several evidences have suggested that some antican-
cer drug induced apoptosis may occur via a signaling 
pathway independent of cell cycle arrest (Hsu et al., 
2005). The result of cell cycle analysis evaluated by 
flow cytometry showed that berbamine could induce 
cell cycle arrest in G0/G1 phase. It suggests that 
apoptosis induced by berbamine is related to cell 
cycle arrest.  

Activation of the family of caspases was known 
as a crucial mechanism for induction of death signals 
to apoptosis. Caspases participate in a cascade that is 
triggered in response to proapoptotic signals and 
culminates in cleavage of a set of proteins, resulting in 
disassembly of the cell (Enari et al., 1998; Thornberry 
and Lazebnik, 1998). Caspase3 is the primary acti-
vator of apoptotic DNA fragmentation (Wolf et al., 
1999). Our results showed that berbamine can cause 
activated caspase3 and caspase9 in time-dependent 
manner. Elevation of caspase3 and caspase9 by ber-
bamine was initiated after 12 h of berbamine exposure 
and maintained to 48 h. Our other results also showed 
that berbamine-induced apoptosis on SMMC7721 
cells could be inhibited after broad caspase inhibitor 
z-VAD-fmk pretreatment. It indicates that berbamine 
induced apoptosis is mediated by caspase-dependent 
pathway. 

During apoptosis divergent cellular stresses like 
DNA damage, etc. also converge on mitochondria. 
Recent reports provided evidence that MTP has a key 
role in controlling apoptotic responses in cells 
(Marchetti et al., 1996). Decrease in MTP is the early 
change in the mitochondria-mediated apoptosis. Loss 
of MTP changes mitochondrial permeability that 
triggers opening of the permeability transition (PT) 
pore (Green and Reed, 1998), which has been impli-
cated as a critical stage in apoptosis in isolated 
mitochondria and several cellular models (Pallis et al., 
2001). PT pore opening allows release of factors, e.g., 
cytochrome c, that initiate the final and degradative 
phase of apoptosis, such as caspase3, 6, and 9, which 
in turn cleave a number of cellular proteins, facili-
tating the final destruction of the cell (Hirsch et al., 
1997; Bossy-Wetzel and Green, 1999). Our studies 
indicated that treatment with berbamine could 
dramatically induce loss of ∆ψm, in SMMC7721 cells. 
These data suggest berbamine-induced apoptosis also 
by loss in MTP. 

In summary, the potential anticancer activity of 

berbamine against human tumor hepatocellular car-
cinoma was investigated. Berbamine exhibited a 
strong inhibitory effect on the proliferation of 
SMMC7721 cells in vitro. The anticancer activity of 
berbamine could be attributed in part to its inhibition 
of proliferation and apoptosis induction of cancer 
cells through causing cell cycle arrest in G0/G1 phase, 
loss in MTP and caspase activation. The anti-tumor 
effects reported here are valuable for further investi-
gation.  
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